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CMRS-LEC Interconnection

• rhis rulemaking proceeding is I critical part of the Commission's mission to eliminate barriers to
wireless \ompetition to the local loop. As the Commission has noted, "'changes in~~~aupn

arrangements are necessary if CMRS ":rvices "are to begin to compete directly against LEe wi?eline
SenlCl'S

• ,'\T&T supports the Commissi<n 's tentative conclusion to adopt bill and keep as an interim
mechanism to govern CMRS - LEe in'erconnection. To recognize the mutual benefits inherent the LEC
('MRS interconnection model. the Commission should broaden the scope of its bill and keep proposal to
apply to ,:ach carriers' entire terminatilln service-- i.e ... extend bill and keep to cover access, switching and
transport between the end user and the tandem.

• Bill and keep is an appropriate mterim compensation measure because the implicit charges for traffic
termmatlon between CMRS and LE(' letworks provide a reasonable proxy to the actual incremental costs:

- \Vhile today more CMRS trt ftlc may terminate on the LEe network
then vice versa, it is also the case that it costs CMRS providers more to terminate
traffic on CMRS networks tllen it costs LEes to terminate traffic of their networks.
In these circumstances. hill nd keep is a reasonable proxy on an interim basis for

TSLRIC

_. The Commission can expecl that traffic tloVvs will become essentially even after hill
and keep is adopted, since h 11 and keep removes a signiticant harrier to co-equal status

01 CMRS providers and IJ.( s.

-,. In addition, bill and keep is lppropriate because the likely real incremental costs
incurred by LECs to termin;,te a CMRS originated call is de minimis.

• I\S a long-term arrangement the Commission should require LECs to set interconnection rates for
CMRS providers at total service, longrun incremental cost C'TSLRIC'·'). TSLRIC emulates that pricing that
would (h:cur if the local telephone ma"ket was competitive and it prevents LECs from engaging in a "price
sqlleoe '. bv charging sllpra-competitJ .(' access rates.

• i'he FCC' should exercise its p ,enary jurisdiction over interconnection and require LECs and CMRS
pnn idets to comply with specific fcdnal regulations for both interstate and intrastate traffic because:

- a uniform national policy 01 LEC-CMRS interconnection, including compensation,
is essential to ensure the gw,vth and development of wireless services:

- ('ongress confirmed the Fe "s plenary jurisdiction over (,MRS-LEC interconnection
when it enacted Section ~ \ Ie) in 199,:

- I'ven apart for 332(c l. the iIseverable nature of interstate and intrastate wireless
transmissions justifies pree nption of intrastate interconnection rates: and

- Nothing in the Telecommuliications Act of 1996 disturbs the Commission's plenary
authoritv over these matter



CMRS ~'lexibilit)

• AT&T strongly supports the C lInmission 's proposal to clarify that CMRS providers may offer
primarih fixed services on their wirel,'ss spectrum. This action will:

- allow wireless providers to 1 lake the most efficient use of their facilities
enhance the options availabl ' to customers

- .. allow the development of cn rnpetition in the local exchange marketplace.

• The Commission should not Ii nit the types of fixed services that CMRS providers may provide since
this could result in artificial regulator' distinctions that would not serve the public interest.

• I fnti! and unless wireless net\\. lrks incorporating fixed services have actually become a substitute for
wireline local loop service, the Comm Ission should continue to regulate all wireless services provided by
('MRS licensees as CMRS.

• I t is important for the Commis~ion to quickly issue an order clarifying the ability of CMRS providers
to provide primarily fixed services.



Rf Standard

• Pursuant to Section 704 a) of the 1996 Act, no State may regulate the placement
construction and modi fi-:ation of wireless service faci lities on the basis of the
environmental effects 0 RF emissions if the facilities comply with FCC regulations on
such emissions. PurSll(:l'lt to Section 704(b), the FCC is instructed to complete action in
its open RF standards d.,ckct item (ET 93-62) by August 6, 1996.

• The Conference Report )J1 this provision makes clear that Congress intended Section
704(a) to prevent State,;r local governments from basing their land use regulations and
decisions "directly or Jl1jirectly" on CMRS RF emissions. Congress intended the FCC to
be the sole regulator of 'MRS RF emissions. This would preclude regulations designed
to ensure compliance w th Federal standards which are not otherwise required by the
Federal rules such as pciodic monitoring, fencing. signage, power limitations, etc.

• fhe FCC should move quickly to adopt ANSI/IEEE C95.1-1992 as the exclusive Federal
RF standard.

the ANS standard is widely accepted by experts in government (FDA
OSHA I >OIY), academia and industry. The standard was produced by a
120 men bel' committee From over 14 scientific disciplines through a
consenSl.S process open to public comment.

The FC( has already adopted the ANSI standard for PCS services. See
47 C.F H ~ 24.52. Many cellular carriers are voluntarily complying with
the ANS standard to ensure safe facilities.

The AN~d standard includes implementation guidance and provides for
ongoing nterpretation through a consensus process.

• The only other standard being discussed, the 1986 NCRP standard, does not reflect
current scientific literatI Ire, \vas not the product of a broad-based consensus process, and
contains no implementation guidance or ongoing interpretation program. The NCRP
standard also includes (I scientifically insupportable limit on low frequency modulation
that could imperil emer'ing wireless digital technologies.
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321 papen selected from the archival literature (Appeudiz A) was reviewed for biolocKai,
encmeerinc. and atatiatical validity (see a.3). It was &creed that only pe81'-rewiewed.:-e
ports ol.twiiea at BAR s 10 WIke. which had received favorable engineerilll' IlDd biokg
ical validation. mould be conaidered relevant to the all...ment of risk from e1po.sure to
electromapetic fields in the resonance TIIDCe. The literature review was f,Uowed~y

utenDve cleliberations of the Risk A..ument WorkiDa Group that W&I charged to pu~
qreement on an BAR at wtuch potentially-deleterioaa health eWecta are likely 1;0 oeeur in
hUUWl beinp. A majority of the Bilk Aaleument Working Group acreeel that the litt;r
atme is still supportive of the .. W/kc criterion. Furth... the ANSI 1982 wety fllCtor of '.0
... TedinDecI by Subeommittee IV. yielcling an sAil of 0.4 WIq .. the workintr buil br
the MPE. The quntion then 8J'OH oftha need fort~ tien ofMPE (as adopted by N:RP, 19;'16
(852» to distiDguUh occupational VI. general public d.potIUJ"ft.

To some, it would appear attractive and logieal to apply a larger. or difFerent. ;Iai'ety fse
tor to arrive at the guide for the general public. SuppoRive 8r'JUDlenta claim suhereups>f
greater sensitivity (infantti. the aged. the ill and disablecl), potentially creater exposu"e
durations <24-hr/day va. 8-hrJday). adverse environmental eonditions (excessivtl he.~t

and/or humidity). voluntary VI, involuntary elrP0sure, and psychologic:all'lmotiond
facton that can range from anxiety to iporance. Non-thermal effects. such af; efflux)!

lcium ions frOID brain tissue., are also mentioned al ~tential heal ;~, n e
mem ra mmlt e IV eliev. the recommended elrPosure evels should ke safe f"r
all, and submit u support for thi. conclusion the observation that no reliable scientific cial a
enat indicating that: • -

(1) Certain lubcroul)' of the population are more at risk thaD othe"
(2) ExpcMIW'e duration at ANSI C95.1-1982 levels is a sipiDc:ant risk,
(3) Oamace from uposure to e1ectromapetic tielda ia cumulative. or

(4=-!N;o;n~th~el'~ma~I~(~0~th~er~thiJan~~sh~OC~ck~i:)§o~r~m~ociCula=ti='OI1=.-.::sp!:.:ecifi='::.:c:....::s~~la~-"'o:.=.f.ZD_~ur=-Lmn.!L
munincfu1ly rela uman

No verified. reporta exist of iDjury to human beinp 01' of acbena effects on the health d
human beiIlp who have been e~..d to electromacnetic fields within the limits of m,·
quency ucl BAR specified by previoua ANSI Itenclarda, includinc ANSI CIS.l-1M2: (111.
In the PrDDlulpUOD of revised I\lideline., the reII)OnaibiJity of the eurrmt Subemmittu
IV is adhennce to the scientific hue of data in th. determination of exposure levela that
will be we not only for penonnel in the workinc environment, but. also for the public i c:.

larp. 'nle impoJ'tant diatinction is not the population type, but the naiw'e of the upoaur ~

environment. When upoaure is in a controUed: eDvironment., the scientificall:,-de:ri"ei
eltposure limits apply. When exposuTe is in an uncontrolled environment, however. a1
eztra safety factor is applied Wlder certain conditions; theae include, but are not limited te,.
the following;

(1) Ezpomre in the resonant frequency ranI'. and
(2) Low.freqgency e:rpoaure to eleetric fields where exposure is penetratinc or eonplieatea~

by uMCiated hazanis like RF shocks or bum. induced by metal contacts.

A.. defined earlier. uncontrolled environmentl include the domicile and mo(,t place:
where the infirm? the qed.. and children are likely to be. It also includes the w(lrk envi
ronment where employee. are not specifically involved jn the operation or use of' equip·
tDent that dOH or may Tadiate significant electromacnetic energy and where there are nt
e~tiall.that the exposure levellmay aceeci those shown in Table 2. On the other hand
controlled environments may involve eltpOSU1'8 of the ceneral public as well as occupa
tional penoanel, e.g.• in pusing through areas such aa an obaervation platfonll near a
tnns1DittiDC tower where analyse. show ths aposure may be above that shown in Table 2

23
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IEEE STANDAIlD FOR. SAFETY I..EVEIS WITR RESPECT' TO n"'t1MAN EXPC SOP.E TC

bu.t il below that in 'rUle 1. Other exposu.n condition. inclucle that of the radio amateur ."hc,
voluntarily and Jmowleclpably operata. in a controlled RF environment.

At f'requeciea below 3 MH&. the MPEa. in tenns of JUlftetic fl.elds. ha~e been l'Eluad u
mote reuoa.ably connpond. to whole-body SAR limit.. On the other hand. the MPEs, in
terma of E fteJd,. continue to be capped below 3 MHz in order to limit the poslibility of :reae·
Poona (shock, or bum.) at the llUJ'face of the body that micht occur in E fl..lda of hlab
stnneth. especially und.er condition. of spatial and temporal field concentration.

In thi. itandard. there are extensive modification. of the averacine time for deter·
minin. permissible exposure. At the upper frequencies, these rules 8Ifte with !ioundly
baaed averaging times derived from optical considerations. At the lowe!' fTequeneooe&, new
rules on induced CW'I'8ftti have been introduced to p1'event RF shock or bum upon (;rasping
contac:t with an object in an RF enYiTOnment. These rules supplement the limits 0 ~ E and
EI field exposure.

This standard is thus an enension of ANSI C95.1-1982 [Bil. and incorpontes Olany re
tinements that will serve to make the MPEs more useful in a greater variety of exposure
~tuation•. There remain area., however, which the standard does not cove!'. e.g., :he pOI

aibl. elq)oawe of the body to transient spark.discharge phenomena upon touching a large
'~nductingobject in an RF environment. Future l"eseareh may provide the data base from
which quantitative rules fol" pTeventing adverse effects from such discharges call be

C
I~::~b on the .fFect& of ~;;:-To-:-n~jc:-erp--oa-u-1'8-an---;d~s-p-eeul--:-;-a-;tj~·o-n-.-on---:th~e"'bl:"'i....o-r"log.t-...ca.....,.r~J
cance of nonthermal interactions have not yet resulted in any meanincful b;lSis for
alteration of the standard. It remains to be seen what futu.re research may produce for eon·
sideration at the time of the nen revision of this standard. _-- .0- __---....--~

6.1 Recol'Dition ofWhole-Body BesoIl&l1ce. As is true ofANSI C95.1-1982 (Bl], the MPE in
this standard is baaed on recommendations of fi.ld strength. or of plane-wave-eq\uvalent
power densities of incident fields. but these limits are bued on well ••tablished findings
that the body. as a whole. eKhibits frequency-dependent rates of abaorbinC electromagnetic
enercY [B6, B20, B21. B2.51. Whole-body-averaged. SARa appl"O&c:h muimal values when
the lODe axis of a bocly i. parallel to the E-field vector and is four tenths of a wave), nc=th of
the incident field. Nuima! abMrption occurs at a frequency near 70 MHz fOT StanClard
Man (heicht • 115 em) and r••ulta in an approximate seven-fold increu. of absorption
relative to that in a 2460 MHz field (822, 827]. In eonsiderat.ion of this dependency, reeam
mencied MPEs of field strength have been l'educeci aero•• the 1"'8ftge or frequencies ill which
h.uman bodi.. from iftfaDta to large adults ezhibit whole-body resonance. Above 6 GHz. the
absorption i. quui-opticaJ and body l'eIonanee canaiclerationl do not apply.

6..2 IAcorporadoll 01 Doeimet:ry. Doaimetry is the fUndamental process ot meuuring phys
ieal quantitiu of eneJ'l)' or substances that are imparted to an absorbing body £B40. I~41). In
1972. The National Council on Radiation Protection and Measurementa (NCRP) convened
Scientific: Committee 39 to d.libente and recommend do.im.me quantities ancl units
applicable to electromaanetic: fi.lds [B511. In keeping with the NCRP reeommendati ODS, in
1982 the ANSI C95 Subcommittee IV adopted. the unit-m..., time-averaged rate of j~leetro
magnetie enercY absorption. as specified in units of watts per kiJoiTam (Wllq;). rrbe
quantity expressed by these units ia termed the speci:fic: absorption rate (SAR).

Formally defined, the SAR is the time rate at which radio-frequency elect'l'om;agnetic
energy is impa1"ted to an element of mass of a biological body. The SAR is applicable to any
tissue 01' orpn of interest (that ia, can be applied to any macroac:opic element of mas,) 01',
a. utilized. in ANSI C9S.1·1982 £BU. is expressed. as a whole-body averap. IcleaUy, allatom·
ical distribution, of SABa would be used explicitly to formulate a cuide in recocnitiun that
absorption of eleetromapetic energy from even the mOlt unilorm. field can Pe:nl1t in
hichly variable llDatomical depositions oC ellereY. It baa been estab1i.thed (B31, B3rL, B35]
thorough. thermographic analyses OT models of rata and man, and cadavers of rabbits. that

** TOT~L P~GE.003 **
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Preface

Thia report is the eecond of • .erie. concemm, nadiofrequency
electromapet.ic (RFEM) radiation that. eo~tutee an ezteolion of
the NCRP inte..t into the subject ornon-ionizing radiation. The first
report, NCRP Report No. 67, Rodio{requ.eney EkttrorncwneCic 1M1dt
Propert~8, Q~B and UIliU, lJiqphyBical rmeructWn, lind Mea
suremenu, was Pllbliahed in 1981. The report provided. compreben·
aive discuasion of fundamentalJ. especially tho.. that rellde to 18dla
tion protection. It provided th. bui8 for future repor1a, incilldlnc thia
one.

Soon after the work on Report No. 67 wu begun, the NCRP formed
ScientifIC Committee 63 to prepue 8 report on the biolotieal effecUi
of RFEM radiation. This scientific colDJDittAle W88 &lao requeated tAl
c()naider the development of recommendation. for elPOlU" criteria if
the committee felt that IUCh recommendations could be juatified on
the basis of lbe adequacy of the biolo,ical information. The lCientUic
literature on the bioJoaical effecta of Rl'BM radiation is volWDin0U8
but of varying ecientific quality. and it baa taken cODSidenlble time tAl
asHSS it.. On the buls of a detaiJed evaluation. which i8 ret1ected in
this report, the committee concluded thet ezpoeure cri~ria could be
developed in spite of the limitations ofthe biological information abd
these too are included in thia document.

It needs to be recOgnized that our undentanding of the biolocieal
effects of RFEM redi800n is 8tiII evolvinlt bued on continum,
research on thia important subject. As 8 I'88d1t, it is tAl be.~
that the exposure criteria set out in this "port will be evaluated
periodically in the future. and poeaibly revieed as new information
~vwn ilvai:a;';'~". T'ui. ill Ii wuUouinK c:Qaiieop ior inose invoiveQ
in l'lldi.tion protectionand ODe to which t....NCRPe~ to~nd,

This report was prepared by Scientific Committee 63 on BioloPeal
14'·ff~~ ~!'~ ~~~~~~~ ~~_t-~ri.~ fc~ P:.diof:'·~7J~·ncj· ~cctr~~.;..;;.~:tl~
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1. Introduction

The radio-frequency electrom.q:netic: (RFEM) spectnun (Table 1.1)
is formally defined &8 waves that rang. in frequency from >0 to 3 X
1012 Hz (Sams. 1968; ITU, 1981). This report addreSI8S the biological
effects of exposure to RFEM flelds that ranee iJllreqU80CY from 3 x
l<f to lOll Hz. and in in-()(JCuo w8wlenlf;h from. nspectiYely, 1000 to
0.003 meters. Included in this ranp ue aU shortwave and lDost
microwave frequenciee. Waves longer than 1000 ID have ecattAtring and
absorption properties with reapeet to the human body tbat differ
greatly from tho8e of waves that lIPPrcWmate the body'. ph"al
dimensions; such wavetl should and will receive independent. anal'"
by other usembliea of ellp8rta. RJl'EM fiehla that lie D88J' the upper
limit of the microwave Bpectlum (3 )( lOll Hz), and nelda of even
higher frequency in the sub·millimeter apectrum (3 )( 10" to 3 X 10·'
Hz), i.e., fields at wavelengtha that ranp from 3 mm to 300 ,... bave
received ",latively little study in the biological laboratory and are not
addressed in this report. However, expONnl to far-infraJed radiations,
which overlap tbe RFEM .pectrum and are defined 88 wavelenatha
from 300 to 20 14m (frequencie& from 1012 to 1.6 )( 1011 Hz), hal been
studied eneotively in the laboratory and iI covered by eeparate
exposure criteria, at leot in the industrial sector.

The lack of quantitative data on the biolocical effectl of RFBM
fields has reaulted in wideepread concem that IMIch npo8Ure poeet the
risk of injury to hearth reprdleaa of lnteneity. Altboucb then are
several thouaanda of reportl-lCientiflC pspen, boob, utic1u, and
newspaper accoUDta-o( widely varying Iei.ntitic quality that pJeMnt
data or opinion on the biologieal re&pOoae to RFBM racIIatioDa, no
consensus bas emerpd reprding thresholds andmec.haniamt of injury
g~ aii~~~:;~ _=r;:t:cn r:l!,:: {.!!R~' ~!~ e f~ ~~Jt~ f"!'tp Iriln!",m
(W/k~). The wide variation in RFEM-ndiation el:pOlure criteria
around the world reneeta thie ablente ofcol188nsua. .An objective
lInAI~illl of t.hll! ~il"ntjf'il'! 'itfll'lltJlre and recommendetioD8 for IJlPOI\IIe
limits by a qualified and unbiMed group ofexperts is IOrely ne8decL

To address t.his need, the National Council on Radiation Protection
and Measurements (NCRP) decided in 1973 to extend its leope of
activities to the publication of reporta that provide evaluatlo. of the
biological effects of non-ionizing radiations and to the publieataon of
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2 I L INTRODUCTION

TAaU l.l-Frequency bands 0/ the RFEM tp«trum·

• From Sarna (1968), baled on illternational l.N8t.y involvinl partic:ipenw in the
latemlltional T.Iee.mmunJcetiDna Union (ITU, 1981).

~ Band 1 is • detignllted band witll DO ofticlaI adjectival dncription .nd symboL
8utpIted entries ... slut.... tar thit band.

• BlUld 12 bu no offieial aaijeetival detcription A al.l,lPSted entry it ahown for tWa
band.

recomm.endationa aimed at limiting ezposurea. Because there waa very
little .tandan:lization 01 quantities and units relat.iDI to thiJ ra.eJd. and
because there W8II conaidenlble confuaion between ionizing and non
ionizing radiation, the NeRP felt that. aa a prerequiaite to the r.poR
on bioiockaJ .aecta IDd exP08ure critAtria, a publication waa needed
on properties, quantities, unite, biophyaicaJ interaction8, and mUllIN
menta relating to RFEM fields. Thi, firat report, NCRP Report No.
67, published in March 1981 (NCRP. 1981). provides 8 background OD

the physieal param,ten and meeb8niams of interaction of RFEM
fields with matter, a backC'f'OUlld eS88ntiaJ for the interpretation and
!!!'!de::+'~u~"ivfU", ....-elMtD1; report. 'I'he complexity of the intenctiOD

of these fields with bio~ogir.,.J lJy!teoms n'~kel: it difficulL to interpret .
the 11ll'g8 vOlume of literature on the subject, becaWle a subetantial
fract,iOI1 nf .,h,. ~~I'!~~ ~'P:::.rt~,d. :~~ U..e.; ii'-':ni~W'e hU:As tile eeaential
quantitatioD di.scuased in NCRP Report No, 67. The biolOliClaJ effecta
of eKp08ure to RFEM fields depend on many facton that complieate
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the interpretation of the literature and tbe specification of appropriate
exposure limits.

Unlike ionizing radiation, RFEM radiation muat be specified in
terms or carrier frequency, modulation, electric-field and magnetic
(.eld strengths (or power density when applicable), and zone of irra·
diation (near or far field). Alao eompUeatinC the taak of reconuaeDcIing
exposure guides is the fact that unreBtrictAQ esposure of the body to a
plane-wave or .. multipatb field at I given intenaity eflD have Nlulte
rar different from tbo8e ofpartial.body ezpoeure at the tame intAtllUty.
Unlike ionizing radiation, the spetially averaged field Itreqth, de
pending on the volume of apace over which ~ fielda aN~,
may vary for a given body from practicaUy .10 to ..vela far esceedinl
any propoeed limit on espoeure. Thia wide variation of faeld .t.reDJtba
necessitates the uae of ellcJusion clausea in the apecified apoaure
criteria, u discUNed in Section 17.

This report. which begin, with 8 diBcuaaion of fundamental BWdies
at the molecular level in Section 2. preeeota a review of the IUbjeet
matter covered in NCRP Report No. 67 on mechani8ms of interactiOD
of RFEM fields witb titI8ue. The diBcuuion continues to P1Oll'8l1ively
larger acales of interaction, beginning with macromolecular and cel·
lular effects in Section 3. ehromoeomal and mutaaenic effecta in
Section ., and cucinopnie effects in Section 5. The .cope 01 the
subject matter is then 'JlP&I\ded to include ay1temic effects lOch as
thOle on reproduction, growth. and development in Section 6. hema·
topoiesis and immunol4l1Y in Section 7. endocrinolOlY and autonomic
nervoWi function in Section 8. eardiovucular effecta in Section 9 and
cerebrovucuJar effeeta in Section 10. The diIcuIsion lo 8ectioa 10
places strong empbaaia on the blood·brain barrier, which tw received
considerable attention in recent ye8l'8.

Another controversial area baaed on many eoof1iet.ina reporta-the
interaction of electrOmacnetic flelda with the central nervouJ eystem
and special senles-is dilCUBled in Section 11. Some of the IDOIe

interesting and controversial effecti that have received widelpread
attention, 8uch as frequency and intAtnaity "windows," are diJcu8Ied.
Section 11 concludee with a diacuuion of neurololicaJ etrecte. which
;"d..~., the, ~i~vh~I.lI"'urolUWR,.w1U .yaww. Sum., vi i.he more 1IeIl

sitive bjolOitical end pointa, thOle 888OCi~ with behmor, II,,,," d.i~·
cussed in Section 12j these end pointe oontrut greetly with the
Itnnlll'j>ntl~ ;"o~m"i.!'!" hi~l~t.~.:l! ::'n~~~nt of C~~~..1'~~~~t~~ ~z
CUSfleO. in Section 13. In Section 12, a t.bennoeluticaUy mediated
in~raction, which has received widespread attention over the past
decade, is diecuased aa an auditory Deural effect, and it i, a phenome-

~~

,

j
"'-'.

UHF

SHP

ELF

SERF

VF
VLF
LF
MF
HF
VHF

Mepmetric

Millimetric

CenlUDetnl

Myrlametric
Kilometric:
Hedo..8t.Iie
Dec.ametric
Metrie

Decimetric

~ tc 30CIU

Sub-eltNme.l~low ~
1teqtleDC)'

Edrelllely low
£Nqency

Voicehquency
Very-low frequency
Lowhqutuey
Medium lNqu.ocy
Hicb hquency
Very-hiP Ire-

quncy
Ultn-lUah frt

quncy
Super·bich fre·

quncy
Blt.mMly biIb Ire· EHP

quncy
0.3 to 3 THz DeeimWimetric Supn-e1tN1DeIy

hiP rrequncyt

0.3 to 30Hz

Marie
PI8QU8~ ,.... IUbdiviaiotl Ad;ec:WvaldeeIlriptioll Acronym

hn"'lltJ

3() to 300 Hz

0.3 W 3kHz
3w30kHz

30 to 800klb
0.3 t.oa Mih
3 to 30 MHz

30toaoo MHz

30 to 300 GIh

>0 to 30 Hz

9

2

3
4
fj

8
7
8

to

12

11

Band
IlWDtle,



:3
:r:
:;r~:

4 I I . INTRODUCTION

non that de8erves specuu attention. This intel'flting phenomenon
would never have been clearly understood without tbe development of
a quantitative argument. based on the material presented in NeRP
Report No. 67.

Probably of greatest importance in tenm of the effects of RFEM
radiations on human populations are the epidemiolopcal studies dis
cuaaed in Section 14. Tbermoreplation is discussed in Section 15 and
is an especially important trUbject because inadiation of an organiarn
CM result in hyperthermia. which is responsible for many reported
effecta. Hyperthermia, 88 such, is also eltremely important becaulMl it
ia the basia for the use of Ibortwave or microhve radiation II an
acljunct to the treatment of cancer, a& reviewed in detail in Section 16.

Because the major purpose of this report ia to interpret the literature
in terms of health and aafety of human beings in an RF8M environ
ment, the human exposure criteria and rationale provided in Section
17 contain sipificant comusionl. lt was necesury to make difficult.
deeitdoDs in arriving at these conclusioDJ. Becauae tbe biological data
baae i. drawn from reports varying in quality from poor to "ceDent,
one muat be aware that. the data forming the buis of thi& chapter aJao
vary in quality. Thus. value judgments had to be made conoeminc the
data base discuased in the preceding chapters. Also, practical problems
that rela~ highly localized exposures of the body w low-power radio
devices eaential t.o the quality of life and to public safety bad to be
dealt with by reeommending maximal energy-absorption IeveJa in
addition to espoaure leve)8.

The history of therapeutic applications of RJl'EM fielda, which i8
reviewed in Section 16, is important because it covers a period when
large numbe1'8 of human beingB weAt ezpoaed to highly intense RFEM
lielda. The history i. 81eo illuminating, in relation to todays coat-ro
venies, in that it pointa out how misconceptions. that still exiat today,
weN f8OOI1lir.ed early.

The cutoff date for the literature review of this report is the end of
1982. A few references bave 1983 dates. These references were origi
naUy abatracta dated 1982 or earlier, but, because the references
became available in early 1983 aa peer-reviewed f8!,ort!. three !'~...v
~~ i::.dw~ lUI p~ierabiewthe abstracts when it baa been possible
to do eo. Section 17.6, "("4)Mideratioiio po¥lIibly influencinglhecriterla
in the Mure," is included in order to alert the reader about th".p. "~QJ
deve'O!I"'fIl!,tCl ~~f~~.c:;~,::,:.:. ~v JJ1, suOli8Ctlon are, of COUr&e, current.
references for the period 1983 to 1985.

1

I
,

2. Mechanisms

2.1 IDt.roduetloD

Interpretation of mechanisms of biological effects of RFEM (aelda
i8 clouded by a boat of conflicting reports and opinions, especially
when incident fields are at intenaitiea that fail discernibly to elevate
the temperature of the in-VIOO or in-vitro preparation. Even when
ftelda are at intensitiell 88sociated with reliable elevations of the
temperature of the preparation, the pouibillty that obIerved effects
are due in part to field-specific events uunot be ..eluded- Direct
interactions by electric and magnetic field& with biological material.
not only are pouible but are demonstrable, both in lIitro and in vivo
(ef. e.g.• Saito and Schwan, 1961; PreamaD, 19'70; Walcott et aL, 19'79).

There is an inherent difficulty in dilltin8Ui1hing aDd cliIcrirDinatinJ
between thermal and athermaJl effecta. a difficulty borne both of a
methodological pJOblem and of faulty iDference. Wben, for eSalDp., a
comples organism eshibita 8 behavioral or physiolocieaJ reaponee to
irradiation by an RFEM field, the phenomenological cbaracter of the
response provides no definitive leverqe on which mecbanism of three
poaaihle classes is operative: thermal, atbermal (field-specific). or the
two in lOme combination. This t1u'eefold set of pouibilitieB defines
the methodolo!iw-80rDe would ..y epi.ltAJmolOfPcal-probl8Ul. The
issue of faulty inference is 8Pmplifl8d by the \ridely held view in the
bioelectromagDeUca community th8t biological reeponaea to weak
fields are a priori evidence of atberrn8l cauution. The hot tip of a
small eoldering iron that made accidental contact with the epiclermia
of an UDSUIpecting technician would Nlult in a draroatic behavioral
reaponee. An outside obaerver equipped with even the most Hnaitive
01 thermometriC or calorimetric devices would be unable to dtMCt the
average ele\'ilion of body temperature or the qwmt-it)· of onere'
imparted by the brief contact.-and if not aware of the iDattument of

• i .......~....u.,~... .lei"fl~ \Ai lUI iI Ciu»u'~' eU'e.:L, ili aD Cl~.IWUI4.UWuWiWe
IAl eh"'eea of......,..wre when RFBM enerl)' a.lmpoeed 011 or abIoI\:lIdb1 • --'lwa
or .)'ltem. The term ".thermal" Ia 1.0 be ptefened O'MI that. of "DOD-tbenDal". OIl toM
\)Mi. of. newer koow!edp, the above clefiniUoo .,..,.. the&. mNCRP~ No. 67
(NeRP, 19&1) where t.bi8 eftect it clelcribed .. a l'WCI.thenDaI effect. aDd is deOMd .. •
cbanp in. medium Of syatem that iiI not dinctly uaocia\ed wit.b beat~ ",It'll

elec:tftlmagnetic eneqy is .btorbed.
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2.2 Meehanl...of JateractloD with BiolOllcai Materla18

No one debates the potency of themial ~ecta of RFBM irradiation
at high power denaities (al00 mW/emi.).l:ontroveny ariIe8, however,
O"C~ ~n~rprc~tior.G of m~htmisms at low p!!\"'er. densitie! (~10

mW/cm'l) at which atbermal biological effecta have been demoaatra
j,.,J. Fi;;wu =..i b~'iu" Ua~ \tii ili~l~~d~ UibjN,;;iuu, ~~L. h.A\,,:.
given rise to theories of intAlraetions of RFEM nelda with matter.

Schwan (1975, 1977) lltates that NIOnant interactio08 of biopoiy
men with electric fields are unlikely at fNquencies below 100 GHz.

2.2 MECHANISM8 or INTERACTION I 7

irnportant, however, in revealinl unequivocaUy that a field·epeciflC
effect can and does attend eq»olUrt of a biological preparation to en
intelUle burst. of CW RFBM radiation, at leut at frequeneiet below 10
MHz, but theae data shed little liebt on quemona tblt attach to
another class of athermal interactions, i.e.; that. ob.rved aftAlr acute
exposure to relatively very-Iow-intenaity, 8inU80idaUy modulated
shortwave and microwave fields (c/., 8.1., 8awin et aL 1976; Blackman
et aL. 1980; Adey, 1980). In experiments in which isol8ted chieken
brains were ezpoaed to CW faelds or fA> fields modulated at 3 to SO Ha,
ao exodua of calcium ions (Ca' +) from brain materiaJa w. observed,
but only to modulated fielcla within a narrow band of frequeDcits
centered near 15 Hz-and only within a DarroW raJII8 of power
densitiel. 8ecau&e the averace amount of enellY captured by brain
materials was held conatanl aerou frequencies, thermal effectl alone
could not be responaible for the releue of CaS+. These intriauinl
experiment8 are discuMed in atail in Section 11.

As a point. of departure in tb. dieeuallion of mecbanialDl, it can be
stated that there is ample evidence that atbermat mtenctloD8 in
biological material. are not only pouible but. have been delllonat.rated
for fields both strong and weak. It Dlust a1eo be stated that the
biophyaical mechanism. of theee athermal eventl are but poorly under
stood. Summarized in tbiB lMlCtion 8nl both data and theory that. bear
on thermal mechanisms and on the largely unchart«l frontier of
athermal interactiona.

In addition to the dilcuasion on mecba.ni8ma in this lHlCtion, furtber
disculI8ion on mechaniaml will be found in Section 11 on RFEM
interactions with the nervOUl syatem. While this additional dieeuHion
could have been incorporated in this MCtion, it bas been bpt in
Section 11 to maintain continuity there.
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6 I 2 MECHANISMS

stimulation, would doubtleas interpret the response all an athermaUy
inspired event. This is not to argue that all "weak-field" re8pOJYes are
provoked by thermal "bot spot8"-although some so-called weak-field
effects are probably of thermal-hat-spot origin-only that the strength
of the incident field has no a prwri bearing on the question of I
mecbaniama. ~

An ideal methodology in elucidating mechanisms 01 interaction is !
one in which independently detectable thermal and field-specific re- .~
'PODJea aN elicited from the S8me biological system by the same field. 't

Altbousb this ideal has not been fully realized. Pickard and colJeques
have articulated Ulltable theory, have developed novel tAlchnique.a, and
have performed innovative experimentation that collectively uem.
plify the ideal approach (see, e.g., Pickard and Rosenbaum, 1978;
Pickard and Banoum, 1981; Barsoum and Pickard, 1982a, h).

The biological lpeCimenl &elected by Pickard and colle8f1Ue8 aN

algae of the characean family, primitive planta with membranes that
elmbit tleitability, action potentiaJ&, and graded n&pOneea to 11M
cbanic:aJ or electrical ,timulation (cf. Pickard, 1973; Pickard and
Barsoum, 1978). A8., elongate cell i. maintained in a circulatinc
fluid medium in a holding device 10 constructed that part of the cell
can be esposed to an RFEM field while a distal part, not exposed. i8
contacted by electrical recording electrodes. A burst of CW RFEM
enerIY It frequenciea ranging from tens ofkilohertz to tens ofgipbem
has been found W elicit a relatively prolonged electrical reaponae of
08tenaibly thermal origin, ODe that persisUl for lOme aeconda after a
burst of radiation is absorbed. An earlier response, an offset. of the
membrane's resting pohtntial that occurs within a few milliteconda, is
a field-epecific potential that is elicited by the burst of RFJ;!:M en.rlY,
but. only at carrier frequencies below 10 MHz (Pickard and Barsoum,
1981).

Ironically, the thermal basis of the prolonpci reapon.ee has not been
unequivocally demonstrated, but the early otraet potential ia unugu
ably the Nawt of non-linear-rectifyin,-properties of the charaeeu
membrane. The quantity of absorbed energy required to elicit the
field-specific, offset response is relatively large, a ~ment ,.IAn in
...ile NJ'Uer aemonattation of pearl·chain formations by Saito and
Schwa" (001). Were it not fer the conthiuou. (.;wHog oithecharacean
preparations by circuJatinl nuida during periodi-of irradiation, the
r~;:&!':tkr. -"i,~iJJ 1.... ;: ...,:£ill,)' oouat;'UreU oy marked elevations of tem
perature.

Although exemplifying an ideal elperiment, the work on the char.
seean orpnism ia of unknown generality. The data are eztremely
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FIe.•••8. Dependenoe (ntlative tAl muimal value) of hyperemia on duntiorl or
treatment, (FJom Lehmann, 1971,)
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17.1 BackgroUDd

In the early to middle 19508, tAtntative efforts were made to eetablilh
exposure criteria for RFEM fields to provide a margin of safety for
industrial populations. The data base needed to establish ezposure
criteria and limits wu almost non-ezistAtnt from a biological point of
view, and only the pNliminary, pioneering studies ofenergy abeorptlon
and transfer prooeSIeS by Schwan and atudenta bad been "ported (c{.,
8.«., Schwan and Piersol, 1954, 1955; Schwan and Li, 1953, 1968).
Because the evidence at that time IUPPOrted the position that huards
would arise only from heating of tiuue8 by ab8orption of RFEM
energy, the general approach wu to eetablish an UpoIIUN criterion
based on tolerable thermal loedi.ng. Participants in the first Tri·
Serviee Conference on the Biolopcal HuardJ or Microwave Radiation
(PattiaheU, 1975) formally accepted for the tint time a limit on
occupational eKpOflure: a muimal power density of 10 mWIcm·, which
was applicable to military penonnel at all -microwave t'requenci.....
Several private corporations allO established working limite on npo
aure 85 operating guidelines, but it wu not until 1966 that Committee
C95.1 of the American·-National Standards Institute (ANSI) estab
lished a working subcommittee (Subcommittee C95-JV) to develop
exposure criteria. The limit proposed by this subcommittee wu the
same u that prepared by the Tri-Service CommitMe in 1967 (a power
density of 10 mW{em' at frequencies from 10 MHz to 100 GHz). In
1974. this standard wu retahwt nnr.h,.n~,~'I~ fn! !!!!..'!')!' !"!".oi!!~!!.,

by the C96.I committee. (n UM2, ANSI promuJpted 8 new revision
that illoorpora1Ald recognition of substailtiaJ frequency~rideDt var
iations in ratea of energy transler to the buman bodv from an RFEM
field (ANSI1,'96.1-1982). The limits of the new standard. which ere
summarized in Table 17.1, nplicitly account for tbeee variations.

ANSI standards are advisory only. The Occupational Safety and
Health Administration adopted the 1966 ANSI-C96.1 atandard as an
e1poBure guide in the workplace (OSHA, 19'71). However, in the
application ofthe OSHA regulations, two rulinp by the OSHA Review
Commission, an independent agency, (1) that standards based on

17. Exposure Criteria and
Rationale
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increued surface vasodilation, will prevent now of thermal eneqy
into the deeper musculat.ure. No increase in the now of blood to deeper
tilauea will Mault, and there may even be vasoconstriction to compeD'
88Ite for the increased now of blood near the body's surface.

NervoWl refleles ariaing from surface heating of one part of the
body can lead to tAtmperature increalM!s in other parta of the body, e.I-,
in an opposite eatremity, but these ATs are leu pronounced than the
primary increaaea (Filcher and Solomon, 1965). Reluation of Itriated
skeletal musclea may occur, and mu.scle spasms may be resolved by
lurface heating beeaUte of Hflelive nervous reactiona from surface·
temperature receptors. Thus, in general, surface heating providee only
mild phyaiolopc and therapeutic reactions, and any effects of the
deeper pathologic oonditioD8 are only refteuvely mediated.

Effective therapeutic beatinR of tiuues below the skin, e.,., ill the
subcutaneoUl layer of ret.. by RFEM fields requires proper Mlection of
t-~Utlucy, appiicator, ana input power 80 tbat the temperatures oftbe
deeper t.isaue ~..." ~ rt'ieeod t.o t.ht" optima! le\'el of -44 to 45 ·C ....itbin
a 5- to 16·min period. The duration of the maJimal tolperature can
~ !'ontrclbd bj~ .::dju;;t~r~ tt~ ;u~u~ tiUn'e. i~\'ei. JWii. ~iol''' or Wh4lU

the temperature reach.. the m.amnallevel, vasodilatation will produce
a marked increue in blood now that will limit the AT in tiaauee with
good vaacularity, whic:h will be followed by a decrease in temperatures
from the peak. value by several depees Celsius. An exposure period of
20 to 30 min is generally required to produce optimal therapeutic
benefits.



".MultI" ltatementa, which the regulations are, are not enforceable
becawe they are advi80ry, and (2) that a hazard addressed by an
advisory etandard cannot be the Bubject of a pneral duty citation, II
attempted by OSHA~ cwnterac:t the effect. of the first ruliDr. neulted'
in the inability of OSHA ~ implement 8Dd enforce ita non-ionizinr
reguletioDl. In a 1982 Field Directive. OSHA affirmed, among other
mattel'B, tbet theM decisions of the OSHA Review ColJUDiuion &re it.
current policy,

In 1975, the United States Air Force published a two-step frequency
dependent 1tandaJd, APR 161·42, that apecified pel'JDiBaibJe eEpOlure

levels of 50 mWIcm' at frequencies between 10 kHz and 10 MHz, and
10 mWIcm' at lrequenciea between to MHz and 300 Gfh (USAF.
1976).

It is beyond the scope of this report to provide a complete cove...
of propoeed and current ezposure criteria for countri.. other than the
United States. As in other W8Itern nations. these values r4J118 from
limita quite cloM to thoR recommended in the ANSI· 1974 ataodard
(e.g., 10 mW/cml in the PederaJ Republic of Germany. in the United
Kingdom, aIlCl in the Netherlands), to values aimilar ~ the more
recent Swedish and Canadian Iltandards (-1 mW/c:m''). Among the
Eastern European countries, the working levels for occupational g

poaure are lip.ifieantly Jower t.ban tho88 ofany ANSI st.ndard. Tbeee
ttandarda lIN reviewed in a document published by tbe World Health
O~iMt.in!! (WHQ, !gel). k. ouwwcuy, ~h.i.B documentelUlifiea
Eastern European ltandards in two ~pa. Group J. i!l representee! by
the atandaid ofthe Union ofSoviet sOeiaJ.iat Republic-..wbich .pecifies
a worunc-dlv limit of 10 ~,W.'~i '1"h!~!': ~::...": b ti.lc.<;~J W ~

mWIcm~ for periods not nceeding a few minutes. The WHO Group-
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•From ANSI (l882l.
• meuurect i em or pealer from any object in the field and averqed for lUIy 0.1 • (6

min),
• (Electric Pield)'/ltooY or l21l'(mqnetie field)', whichever i. cnet.er
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The transfer of enerlY from the radiation field of an RFEM 80uree
to a biological 8yatem, and the ultimate rate of that transferred entrgy
in terms of biological change in livinc tiaBut, iB an eKtremely complel
problem. The details of field-body interaetions have been preIIDted at
length in a publication by NeRP Scientific Committee 39. Report No.
67, which is entitled RaditJfreqIll!nc:Y ElectrotrltllFWtic Fielda: properties,
Q~s and Units. Biophysicol Interaction and MeuurernetW
(NCRP, 1981). Report No. 67 is a primary eource on which the pre18nt
report is baaed with respect to determination of nposure ,wdance.
Indeed, it was also the buia upon which the ANSJ standard waa
developed.

17.2.1 Power Demity and FieUl Stre",tJu

NeRP Report No. 67 reviews the varioua JDeana of meMUring
RFEM fielda and emphaaizea that there ia little poMibility of directly
measuring the absorption of enellY by biolo,ical bodie& at the cellular
level. It is oeceuary to measure eome cbaraeteriltic of the incident
field, and from this to impute an eDerIY depoeition rate in the ti8eue
of intel"88t. From the euti.. pomona of tbi8 eection, it is evident that
all previoU8 elPOIlW'e criteria have charactAlrir.ed the field in units ot
the power density of 8ft eqWvuot f!U'-6eld plane wave (ill, ....,
mWlem! or WIml ). In 80me t8888. JDeuurementa of the electric-field
strength in V1m and/or of the mapl8tic-Ii.1d .trengtb in AIm bave
aL;u been wsed lUi expoaure criteria (aee Table 17.1). Because nearly
aU devices available~measure radiation flelda fundam.DIally meaun
lJle 8ttencth 01 the electriC or the mapetic field., there ia much to be
eaid for specifying exposure limita in theae te1'Dl8. The relation between

17.2 Meuaremellt and UIlI.. lor RFEM J1eldJ
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II standards include th06e of the German Democratic Republic, Po
land, and CzechollJovakia. These countries have pneral-populatioc,
continuous-exposure guides ranging (rom 10 to 100 pWlem'.

Clearly, varied opinion and philosophy underlies tbeee widely rang
ing standarda for exposure to RFEM fields. It is also clear that, until
the promulgation of the ANSI·1982 standard, littie conaideration had
been given by standard setting bodies in the United States to the role
of the curier frequency of the radiating source in relation to the
deposition of .nero within the body, and, hence. to a more 8£CUl'ate
assessment of biological effectiveneB6 of tbe radiation.
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the power del18ity of a far-field plane wave and the stren&th of ita
fields is simple:

S ... E lt/1200'Jl" = 12df, (17.1)

where power density, S, is expreaeed in mWIcm2
, electric field

strength, 8, is elpreA8ed in V1m, and magnetic field strength, H, it
elpre88ed in Aim.

17.2.2 DoSimetry

Although the frequency-dependent rate of RFEM energy ab80rption
by a biological body was not formally incorporated into upc»ure
guidelines until the advent of ANS(-1982 standard, this dependency
was dilCovered In the early 19601 by a Soviet scientist, V. A. Franke
(cf Franke, 1961; Preaman, 1970), who elpoted models of h\lJD8n
beinp ro fields that simulated longwave, shortwave, and microwaw
irradiation in the Car field. These experiments were later confirmed
and extended by Gandhi and colJequea (cf., e.g., Gandhi, 197., 1976b,
198Ob; Gandhi et aL, 1977; Durney et aI., 1978; Gandhi et aI.• 1979).
who performed analytical and experimental studies on models of
human beinp in conjunction with experimental atudiea of amallllli·
mala. The primary facton that control rate of energy absorption were
found to be the wavelength of the incident field in relation to the
dimensions and geometry of the irradiated organism, the orientation
of the organism in relation to the polarity of field vectors., the prel8nce
of reflecting surfaces, and whether conductive contact ia made by the
organislD with a ground plane. The maimal rate of energy ablorption
from a plane wave by the isolated, ungrounded mammal W88 round t4
occur when ita long am is parallel to the vector of the electrie field
and ita uiallen,tb approximates four tentba of the wavelength of the
incident field. Under these conditions, the organism emwita ratr
nanee, and its electromagnetic capture surface is larger by 2- to 3·fold
than is the area of ita geometric cross &ettion. The biological body,
therefore, conforms to predictions of antenna theory (Gandhi, 1974).
In addition, if the resonant target is electrically ~ndM-..hidt
roughiy halves Ule reaonant frequency-or if other retlective surfat:ee
or object~ are in pr~rimity, the I'd"" Ul tlneJ'IY ab&orpt.ion can iDCt'N18
to even higher levels.'"

r:-. t1" ",..i..c of "rl', piOlitltlcm.g rnvesugations of li'ranke and Gandhi,
it came as no surprilMl when Ii aizeabJe number of 8tudieS of murine
and primate animal. revealed that rates ofenergy abeorption are more
reliable predictors of biological effects than are power densiti81 of the

incident field (see. e.g., Section 12). That meuures of absorbed energy
are a prerequisite to valid scaling of strengtha of incident fields at
different. frequencies for predicLing biological respon88S was reeognired
early by the clinician. (Mittlemann et aI., 1941; see also Section 16),
but it was not until the late 1960& that II dosimet.ric approlth ro control
of RFEM radiation8, comparable to that used in the fields of clinical
pharmacology and ionizing radiation, Will introduced (JUlteJen and
King, 1970; Juatesen et oL, 1971; King et oL, 1971; Johnson. 1976;
Justesen, 1975; NCRP, 1981; Guy. 1983). The mAls-normalized time
rate of energy ablorption (dose rate) and its time integral (enercY
doee), 88 respectively apecifJed in SI units of W/kg and Jf'4, were
adopted by the NCRP, and an dueribed in detail in NCRP Report
No. 67 (NeRP. 1981). The RFEM·enerlY dole W88 labeled Specific
Absorption (SA), and the dose rate tv" labeled Speeific AblorptWn
Rate (SAR). This nomenclature, which is llpeCifically applicable to
dOflimetric measures of RFEM (lelda, WIllI deviled by NeRP as a more
suitable terminology than the pneric termt of doff and dote 1'fJU!,
wbich carry for many individuals connotation. of ionizing radiation.

The SAR is defined as the time (t) derivative of incremental energy
(dW) abeorbed by an incremental mass (dm) contained in a volume
element (dV) of a given denaity (p):

d(d~ d(;JW)SAR :to - - .. - - • (172)
dtdm cit V .

The SA is the time intecra1 of the SAR. NCRP Report No. 67 discU888S
the BAR in detail and prelMlntAl a comprehenaive review of the phyaical
theory that underliee it.
17.2.2,1 Wlwle-BodyD08Unetry. The BAR, 88 utilized in the ANSI·
1982 standard and in the preaent report il hued, un.... otherwil8
noted, on the whole-body mass of the inadiated orpnism. The SA
values aN similarly based and are implied, if not made elpliclt. by the
6·min period that is adopted (or averaging the Iimitiq SAR for
exposed worken. Thus, the limiting whole-body-averaaed SA for any
6-min period of ezpoewe is 144 J/ki for the BAR Umit of 0.4 Wfkg
(Sectiona 17.3 and 17.4.1).,,,,,..-. "'0. 'l 10. n •. .".,. ,.,. ,r-._ ......
.... UNC.;Wi.tC.I~UlRl""~C.ry• .. ne lUi IU1Cl t3/Ul are 88 appncable
to the mua of indiv~ual body parts as they&re toO th~ rot!\l J!lllfi of
the organism, and. indeed, becauae rates ofablOrption ofRFEM enerlY
l'1J~ ~'ff~! !~~~e~JJ=! ~t.hJ~ ~-b~ ·~·~l'~~rr~c. cf rr.n o~ni;m. t.hc.r~ it ~(,t~

clinical and experimental utility in determining SAs and BAR. in
discrete organa or tissues of intere&t. Diatributive doIimetry was
pioneered by A. W. Guy (Guy, 1971b; Guy et aL, 1966, 1974), .moused
the thermographic camera in studies of biologically simulatm, modela
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C"phantoma") and of cadavers of laboratory 8oimala. Thi.a work ....
vealed that the ctiatribution of SAR. is a lUthly complex function of
many variables: carrier frequency; zone of inadiation; field polariza.
tion; electrical properties of tisauea; and D18.88, geometry, and motQen
tuy orientation of the biological target.

Because the distributions of absorbed energy 8Croq llpecies, fre.
quencies, and ezpoaure environments are so highly variable, the whole.
body-averaged SARa and SAs have been adopted on pract.ical crowade
a& the dosimetric meuU1'e8 of choice in regulatory practice and -tend.
ard tettint. Moreover, becaUle ethical conaideration8 dictate that
whole-body dosimetric valuea must be estimated or enrepolatett tor
Uvi", human beings, the primary guides in limiting human elEpO&Urea
to RFEM fields muat be apecified in electric and mapetic field
8trenctbs (or in powr denaitiea in the case of np08ure in the far field
ofa plane wave). As auch, the role oC SAa and SARs is that oft.kriui",
permisuble field .tren,tha or power delUlities of incident fields of
differinc carrier frequency. In thoae caleS in which it has been fttab.
Jisbed that tbere are hi,hly intense, focal concentratioDl of abeorbed
RFBM enerlY in the body (i.e., electromagnetic "bot spota"), t.hia
knowledp should aupel'Mde the "'boie-body value and lead to a
correaponding reduction in the permissible level of ezpoture.
17.2.2.3 Caueatl on Interpretation ofDo.ilMtric Mecuure•. Neither
the atrenJth of the incident field nor the quantity of energy ablOrbed
from it by an orpni8m hu any a-prwri warrant in t.he interpretation
of cauaa) mechanism•. There baa been an unfortunate proclivity by
80me inveaticato18 to 888ume that the BAR and the rate of tiuue
beating are phyaical identitiee. Although the conaequence of the Sec.
ond Law of Thermodynamics is that the ultimate fate of ablOrbed
RFRM energy it tbermalization of tisauea. trlllUlient field-specific
effects have al90 been ob&erved. A response by an organism to RFBM
radiation may have I thermal basis, an athermal basia, or a combined
bosis. Determination of which of these three c)assea of causation is
operative in • Jiven conten ....ts upon appropriate experimentation
and inference, not on presumption.

The SAR i8 a practical tool by which one can make allowances for
the complex abearbing and ecattering properties of orpniamB u
exemplified by the large frequency-dependent variations in quantif.iee
of enertlY Ah.n~ f~m :: f:.>;~~ at II WIUtiani power Clensity. Fiaure
17.1 (cOmposite from Gandhi, 1979: Guy et aL, 1978, 1983, abstract;
Lin ec aL, l!l7"7~ Chou and Guy, 1982) shows {requency~dePendent SAR

t _I la h . -' -l ., ... A •• ' • ..curvea 0 sevenu pro te Itn ll'!'mnDO+ 0 r"~'~~ ~;:.••~hi V4 .i.V uH,'/\iU}'

1U the far field of a plane wave. These curvea aJao demonstrate the
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FIg. 17.1, Averap SAR meuured in pro" lJIheroide of vanoUi 1eJIctha, 1., for
AD 81lp01U1"8 to a ponr deoaity 8t 10 mW/cml at veriouI frequenciet. '"-e IDOdeIa aN

u.ed tAl ailbulate eapowre ot variDwl eaperiamltal IUbSecte ill ftPEM. fieldl (....
Gan6i, 19'79). The pointe idelltUled by &he lettera 8, b, e 8Dd cI buleale JDUiIIlII
localized SAR levele hued on meuomDen" .. lelloM: a and b, ill modele .t Iuman
hemp (Guy ft 01.. 1978. 1983); Co in rate (Lin ef aL, Urn); and d, ia mUle (Chou utd
Guy, 1982.) The aveJll&'l bual metabolic rate (BMR) it shown by the lower _bed
horizolltal line.

extreme differencea in "wont-case" wbole-bod,y-averepd rates of en
ergy deposition u a function of body dimenaiona. Given 8 Ienstb of
7,5 cm for tbe prolate spheroidaJ model of a 26-, moU8e, the muimal
SAR (-12 W/kg) oocun near 1600 MHz.. For the model ot.tandard
man, a 175-em prolate spheroid, the muimal 8AR (-2 WIke) 00CW'8

at approximately 70 MHz.
For the pwpoee of eatab1iahing elq)06\lN critAsri. in the following

sections, the SAR is a fundamental quantity. There iI, however, no
intent to define ezpoaure criteria solely in tenna ofSAR. Conaidention
is also Jiven to other factors whele appropriate. Theee factol'l include
the possibility of eevere deviation from uniformity of enel'lY deposi
tion, especially at the spectral enremes offrequency, IIwell ..poeaible
modulation- and camer-frequency-specific biological re8pOO818.

17.3 Develepmeat of the SAR J:KlM.*Jn'l Crit.erl"!l

As diac:U8Md Mrlifli,. in thi!'l -M:!m~J tb n~=:orpti~...u ~~J ~i1J"l.1uu

of RFEM enellY result in an eztremeJy complex phenomenology that
is dependent on a body's 1D888 and ahape, ita orientation with reapect
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to field vectors, ita electrical properties, and the electrical properties
of the elP08Urtl environment. Because of the multiplicity of interaetlnc
factors, exposure criteria must be e6tablished in a manner such that
aUowance is made for maximal amplification of biological effectB II •

result. of field-object interactions. Furthermore, the criteria should
take into aocount possible effecta arising from unusual circUD18tancei
in either the external environment of the individual (e.g., ambient
temperat.ure and humidity) or tbe internal environment of the indio
vidual (e.,., hyperthermia, debility and disease).

The approach WIed by ANSI, in establiahing exposure criteria that
&«ount for tbe frequency dependence of the SAR, bu been choaen II
appropriate to fonow, with particular emphuis on examination of the
domain of re80nant frequencies of human beings from small infant to
large adult. Special attention i8 therefore paid to the bio)ocical efIecta
reported in the resonant-frequency region (30 to 300 MHz).

The body of teientific knowledp of bioJoaPcal effects of RFBM
irradiation, although containing alMlral thousands of arehivaJ reporta,
i8 fraemented: it i. preponderantly baaed on acute UP08UNI at rela
tively few frequencies. IdeaUy, exposure-control guideline8 would IIeo
be bued on a well-documented literature that retlect8 effects ofehroniC
irradiation of8 variety of8pecies acrosl a wide spectrum of frequeDCiel.
In &pite of the ahortcominp of the data, it ia neces88ry tAl proceed
prudently with the proceSI of exposure control through the settiDc of
atandardl, while enroi,ing appropriate caution and fully informillJ
the worker and the public of the limits of knowledge.

It would be inappropriate ~ .epeat here 81\ in·e%tenso review ofdata
on RF8M radiationa that have induced harmful effects in experimen
tal animals, becaulMl the preeeding llections have dealt with thia .ubject
exhaustively. It is eesential, however, to summarize information OD

key end points that are useful in eatablishing exposure criteria. .
The most import.ant and directly useful data for the establialunent

of criteria for liDliting expoaure to any noxious environment are, of
coune. lDN8untment8 and findings based directly on human beiDp.
Unfortunately, data of this type, which are epidemiological or eOOiell
in nature, are relatively few in Dumber. The data that do exist have
been reviewed in Sections 14 and 16.

In the absence of human data, it is neces8ary tAl tum tAl data on
subhum:m spc.cies in fulll'Hliz.aiiuQ tbat body dimensions and DUIB8

have an enormous controlling influence on the SAR at a liven fie
'i~"";;i. I~ iii WiiU iUMllililiilry to NlUlze tbat direct extnlpolatioD of
subhuman data to man i8 aI.o fraught with problema beeauae ofapeciftc
anatomical, pbysiolopcal, and biochemical differences among speeiet.

In the frequency range of primary interest. i.e., 30 to 300 MHJ, and
also at higher frequencies in the microwave bands, a review of the
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data of the previous sections indicates that behavioral disruption
(Section 12) appealS to be the most statiatic:ally significant end point
that OOCUrB at the lowest observed SAR.

The carner (requenciea 8880Ciated with behavioral disruption renee
from 400 MHz to 5.8 GHz. These studiea were performed on species
ranging from laboratory rats to rhesus monkeys, and involved nMl
field, far-field, mult.ipath, and plane-wave fields, both CW and modu
lated. In spite of marked differences in fJeld parameters, tbretholcla of
behavioral impairment were found within a relatively nanow ranee of
whole-body-averaged SARs ranging from -3 to -9 WIke. In eontrut.
the conesponding range of power denait.ies i, 8 to 140 mW/em'.

Thresholda of disruption of primate behavior were invariably above
3 to 4 WIke, the Ia~r of whicb hu been taken in to report, 88 well
8.8 by ANSI, as the working threahoJd for untoward effects in hWlW\
beings in the frequency range from 3 MHz to 100 GHz. It i, clear that
the laboratory-animal to human-being pnera)izatioD OYer tbil wide
spectrum should be modified in li,ht of any evidence of increued
susceptibility in .peciflC frequency domaiDl. (These specific domaina
are noted in Section 11 and are aceountAtd for JaMr in tbil MCtion.)
Having accepted a threIhold of effect in MI'IlI8 of the whole-body
averaged SAR, one must apply an appropriate margin of aafet.y. This
safety margin bas been taken .. a factor of 10 for oocupationa)
populatioDs, and the fundamental SAR exposure eriterion of 0.4
W/kI ia established for frequeneies from 3 MHz k> 100 GHz. The
fundamental criterion arrived at in this report. a wbole-body-averapd
SAR of 0.4 WIkg averaged over any G·lDin eqJOIUI'e period, doe6 not
differ from that chosen by ANSI. Here, however, thiI value ia proposed
8S a limit only for occupationally expoeed individuals, and new lower
levels of averaged exposure are proposed for members of the pneral
population.

17.4 Implementation of Bzpowre Criteria

1'7••. 1 Occupoticm41 ExpoIure Criteria

Because measurements of incident fielda in the working environ
!!:e~t ,;,:i!! m:~~:;-.-i:i be .... ill ~"UIII ui ii.,ici BtrengtM or in the
more familiar WlibJ of power density: .it is.nete8flAry tt:i providenpc
sure criteria in tb8&e units. Furthermore, reatatement of the ezpoeure
lNid4l1in.." in tJlJ'm1l ...f ~1~~~-w""'l"·~Jh'el~nt. ~:Y":'.'tl' :b.:c.iti-z,z .:illv'hl ...
clear exprewon of the frequency dependence of the a"eraae SAlt For
occupational exp08UN.. thia nrport propolle8 the adoption ofa lCbedule
of frequency-dependent power denaitiea 88 .hown in Ficun 17.2. Tbeee
do not differ from the schedule given by the ANSI protection guides
in Table 17.1.
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Ftc. 17.2. Criteria (or eJPOlW'8 to RFEM lielda. EIpoeUN, npnllled in eqlIiv.a.
far·lleld powv deMity (mW/em') lor 8 "hole-body nenpd SAR of 0.4 W/'q.Ia'"
in the eolid line, &den to be t.h& 00CtIJ)Mi0Dll! npoIure criterion. The daabed tiDe.....
MIl tJ:Jat or the oc:cupaUonal criterion, iI the criterioll ror tbe pneral population. "au
the time'8VN'IIinr period allowed for each criterion. The cro..·hatdMd &lea~

a t'Nquency renp in which wbole-~ BAR .... limited aipfftc8llA:le (Bel Section 17.41.
The overall frequency ranp 101 the criteria ia 0.3 MIh lAl 100 GHI.~ au tilt
~UlDltenc.,_ o( tbeae criteria" OOB.trained by a number 01 ocmditioDa (SedJoa.
17.4.1 to 17.4.9) and the critm..clUWll. be apprled without reference to tbeae conmliola

At. frequencie8 from 30 to 300 MHz. which is taken as the re&oDllDt

frequency domain for human beinp from smallest child to talleat man,
under both grounded and lJDIfOunded conditions, the criteria ....
related to an equivalent far-field power density of 1 mW/cm', a value
that Umita the muimum whole-body averaged SAR to a leve) below
0.4 W/kg.

To limit the maximal whole-body averaged SAR to 0.4 W!kI beyond
this range of frequencies (Figure 17.2), conversions are necellllllY, U
(ollows:

1. At frequenciea above 300 MHz., a transitional reJ,ion i. dAtfiDed
between 300 and UiOO MHz where tbe limitin, power dAtnaity for
eqJOlJUle is taken 88 the quotient of frequency in MIk divided
by 300 (//300). The reaultinl quotient upreases the power den
lity in units of mW/em".

2. At :i'~utlu~i .. irom LbOO MHz to 100 GHz, the power-density
limit ia 5 mWlcro',

3. At freqUenciel below 30 MHz and shove 3 MHz,. traD.itional
J'fIlMo" i~ ~"!'i~~d ,;vh~." Lh" illui..iu~ power denaity for 8zpoeure
is taken lUI the quotient. of 900 divided by the squan of the
frequency in MHz (900/1'). A,ain, the Nault of this calculation
is npre888d in unita of mW/cm'.
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4, Below 3 MHz and above 0.3 MHz, the tlXpoiure criterion ell
pressed in terms of power denaity is taken aa 100 mWlem". Cor
re88Ol1.8 that are discussed later.

The rationale for the stated reeommendationa is that the re8UIting
power denaity at any given frequency il rouihly d.etcriptive of the
im'erse of the resonance curve in FilJUl'e 17.1. At the two extremes of
frequency, other con&iderations become important.

At frequencies bela... 3 MHz. energy deposition in the body decMUe&
directly with the equare 01 frequency (Fipre 17.1). and the power
density required to achieve a whole-body averaged SAR of 0.4 Wfq
is very large indeed. At these frequencies, the physical and physiolog·
ical effecta of the ambient electric field will domiDatAl. Beeauae the
effects of highly intenlle, low-frequency electric tiel_ are 8880Ciated
with 8urface interactions, the IWrap SAR at potentially bannful
level8 will faU to levels considerably below 0.4 W{kg. FiluM 17.2 Mowa
a cross-hatched area for frequencies below 3 MHz where the streueth
of the electric field is the limiting condition.

The recommended limita of elP08Ufe below 3() MHz, and pel'hapa
at frequencies aomewbat bil.lwr, apply to free-spaee ezpoeure condi
tions, i.e., to conditioll8 under which. pel'lOn is not in contact with
any object including the ground. In fact, the limits are &lao hued on
1.1 person standing barefoot on the pound, this penon hevinl an
unrealistic average conductance of a bomogenised body. For other
conditions, such as standing on the pound with inaulation (e.g., ahoes
or wooden floor) and being crounded by contaet of the band with a
grounded object (e.g., metal fence or pipe) or being BIOODded and
touching an insulated metallic object (e..., truck or crane), theeelimits
should be lowered. For the lint two conditiona, the 8sp08W'9 limits
muat be determined with the uae of three criteria: (1) wbole-body
average SAR (0.4 W!kI), (2) muimallocal SAR (8 W/k.) (see Section
17.4.6), and (3) RF burna at point of contact (200 mA). Limits for the
case of being grounded and toochin. an iDaulatAJd metallic object can
be determined with the ute of the same three criwria but only on a
caae-by-case basi. because the degree of hazard depends on the .ize ot
the object. (See Section 17.6 for possible future considerations iD11u
OUl;~ we criteria.)

1"7 1.~, ~:b::d:., Cc-.-.t'iii;";:"/M> WUiJc (C.t) ;;~ure, Tllne
Ave~ for the Occupationally BJq'JOIIed.

The biological data available for development of criteria were col
lected from a wide variety of radiation sOUJ'(l86. In addition to va.ryiq
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frequency, the duly cycle of the generators &180 varied widely fI'OIII
CW to pulsed waves with large and amall duty cy~les. BecaU88 limited
data are avaUabie t;() establiah the relation between the biolotPcal
effects of CW and pulsed sources, the decision has been made tct
continue the traditional usage of health-protAlction practicea in eon
trolling exposures to RFEM fields. This practice has been to _....
the power denaity over a period of 0.1 h (6 min), which servea to liuUt
the DUIaS- normalized quantity of energy imparted to the body to III
SA of 144 J/q. Th. same time-averaging period is recommended ill
the ANSI·1982 standard.

17.".2 General-Population ExpotJure Criteria

Previoua efforLs to establish national and international eKPOlU18
criteria have generally led to the publication of eKJ)08ure guidelines
that are deBiped for application to individuals wbo are occupationaJ)y
elpoaed in a typical career pattern, i.e., 40 h per week and 50 weeki
per year. The ANSI-1982 standard recommends the BUDe limitl of
averaged ezp08Ule for the work place and for the generalenvUonlUllt.
Such a uniform spproach is not traditional and, in keepiRl with
NCRP's practice o( differentiating between occupational and general
popuJations, another set of criteria is recommended for the pnem
public.

The re880Da for a twofold set of criteria can be stated u foUowa.
Firat, individuals ezpoeed in the work place should be relatively wU
informed of the potential hazards aasocia~d with their occupation.
Furthermore, the. workers may have the opportunity to make per.
8On81 decisions in regard to their exposure, based on the relative aUk
88 they perceive iL Individuals subjected to RFEM radiation outlide
the work place are pneraUy unaware of their upoaure. and further·
more, if they are aware, they rarely bave the option to reduce their
level of expoaure. Second. the population at large, some membera of
which could be eK)JOled continuou8ly to RFEM fieldA, containl _
populations of debilitated or otherwiae ~ntially vulnerable iDdmd·
uals for wbom there ia presently inadequate knowledge to set firm
atandards. For example, t.he sensitivity of aced individuaJa. ofpreplDt
:uiiiG~ctl llnti Ln"ir concepti, oi young infants, or of chronically ill
pereons is not 1rnn~, Third. becaID!e the ~n~ral population iii much
larger than the occupational population, there are more perIODS It
"''''':, .,,!'1d, hc~c~, th:; P1(;~'"':'l Ltu....w ilWl.iuta of pe11l0nB suaceptibJe w
potential harm Clm be greater unless exposure of tbe general popula
tion ill kept at a lower level
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For the reasons given above, it i8 recommended that there be an
averaged esposure criterion for the leneraJ public that is set at a level
equal to one-fifth oftbat ofoccupationally exposed individuals. There
(ore, the whole-body averqed BAR for the general public for contin
uous ezposure should not e~eeed 0.08 W/kg. The rationale for the
reduction by a factor of 5 is bued on the 8~Poeure periods oC the two
populatioDs, rounded orr to one digit (40 work houn per week/168
hours per week = -0.2). Implementation of this SAR in term. of
power density is ahown in Figure 17.2 u a daahed line. For reasona of
prudence, considering the lack of knowledp of bioloJicai eft'ects at
low frequencies, it ill recommended that, for frequencies below 3 MHz.
t.he population eJlPOlur8 limit should continue to rise u ahown, follow
ing the 9001/2 relationship. However, the line of this relationship
intrudes into the frequency domain in whicb it iae~ that hazards
3re associated with surface-acting electric fields and other facton mav
control the limits of elPOsure 88 described in Section 17.4.1.

17.4.3 1'ime Aueraginl for the GeMrol Population

The time baBe by which to average the limiti.nc SAR for occupational
exposure ill 0.1 h (6 minu~s). For expoeure of the general population,
In averaging period of 0.5 h (30 min) is recommended. ". increaeed
stringency of the general-population limit allows this liberalization
with no significant additional riak because the population limit, alone
with the 30-min time-averaging period, reetrida the mnimal SA to
the population duril1l the 30-min period to a value of no larpr than
that eKperienced durinc the 6-min time-averaging period of oocupa'
t10nal exposure. Overall, the SA for the population remains at one
fifth that of the occupational value. At the same time, the 3O·min
time-averaging period is responsive to some special clrcumstancel for
the public: at large. EI8mples are transient paaaap by the individual
past higb·powered RFEM 8Ourcet, IUld briefexposure to civil telecom
munications systems.

i7.4.4 Specioi CircwnsUince, lor JlopulDtton b:xp08ure

It is recognized that there are special cifCUDlltancea in which the
expoeure"limits for the ~np.1'81 JlO!",I ..t"i~" "'~~ n~".~~~rH~' i~hShit

activitiee that are brief and non-repetitive. For example, the PreMlWIl

nearby of. number of emergency vehicles engqed iD telecommuni
cations might C8uae a brief espoeure to fields at atrengthe above the
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generaJ·population limit. Because only small groupa of the populatioa
would be e!POsed under t.hese conditions, and almost certainly not ora ,
a repeated baeie, the occupational exposure levels are permitted m, .
o·'Y'·h '='2.3(;;>. I

I
Expoeure IUnite for RFEM radiation for the human population IU"e

based to a great extAtnt on data obtained from expollUJ'es of amau
animals to plane wave•. Under inch conditions. it is relatively easy t4
quantify the malimal rate ot energy absorption by analytical or
experimental means.

Although it is not practical to quantify distributions of absorbed
energy, ncept for a few cuee where special theoretical or laboratory
techniquel can be employed, it baa been demonstrated frequently tlla
the muimalloca.lbed SAR typically reaches levels 81 hi,h as 10 to 20
timea the whole-body averapd SAR. It baa also been found in ana1yln
of SAR distributions in models of human beinp expoeed to plane
waves that muimaJ SAR levela, as ia the case in eqJOBW't of the amall
animal, can reach 10 to 20 times the average value. It must then be
recognized that, for ellp08Ure criteria based on whole-body·averapd
SAR, such aa tho.. Bet out in this section, the maximal SAR in smaU
regions of the body may be u much aa 10 t() 20 times higher (Ficure
17.1).

The only practaeal way to cope witb localized and non-uniform field
exposure. is to rely on tbe data base used to develop whole-body
expoeure limits. Then the baBes for f.he criteria become quite simply
that the general pIVViaionl for limiting exposure to a plane-wsve field
should not be violated: The occupational who!e-body-averaged rate or
energy ablOrption duringlocaJized uposure or ezpoeure to non-uni
form fields .bouJd not exceed 0.4 W/kg, and anatomically locaJbecl
rates should not e.ceed thoee that are expected from a whoJe-bod,v
npoeure to a plane wave that. reauJta in an aver. SAR 010.4 WIQ.

The plane-wave e1q)OlUl'8leveis allowed by the limit for occupational
exposure can be eKeeded for a particular RFEM 8OUfC8, provided it
can be ahown that, for any individual that might be opoeed to
emil8ions &om that aouroe, the whole-body-averaged SAR doeI not
eKceed 0.4 W/kg and the local average SAR does nOt exceed 20 timel
the averap, or 8 W/kg IS averapd over a finite mus (one gram) of
tieeue over any period of 0.1 hour.

By the same argument, the criterion (or general-population, local
ized ezpoaure should allow no more than one·fifth the levels of SAR
allowed for occupational exposures. However, in the case of individuals

17,4 OCCUPATIONAL EXPOSURE CRITERIA I 286

in the general population who U8t radio emitten 01 variOUl kinds (e.g.,
hand-held transceiven, remote control devices, etc.), the eKp06UleS of
:t.~~ ;~r'i.\~rfHJ.1'~ mq;! h~ ~:·::.t~r t~i tht vcJ~~., ,~wvmw~.,~tve WlV
general population. U8e of such device. is permitted. as a penonaJ
Jtld.sion II)' the individual, providW lJJai the devices 8Je designed aDd
used 88 deaigned so that the e:lpOBUN nf thll indivi~.~~J d~!! !!~ e~~d

the recommended~oocupational guidelines and provided that, in uaiDc
the devices, tbe inctividual doe, not ezpoee other penons above the
population guideJinee.
. It should be recoanized that determ.inat.ion of whether a particular
RFEM source will meet these criteria poses technical dift'icultie., and
can be done only by a qualified penon. a laboratory, or a scientific
bcxlY for a general clUB of equipment. It i. not po8sible to determine
conformity to the special criterion by means oC a power-density meu
urement alone.

17.4.. Miud·FreqIMr&ey Fields

Simultaneous eKpoture of a penon to aeveral sources of RFEM
radiation (e.g., from commercial AM. FM. TV broadcuta) is the rule•
each source radiatiq at a different frequency. Because the BAR
indue. the ezpoaure limit (Fitw'e 17.2 UpJ'1H88 equivalent far-field
power densitiea for a constant SAR), appropriately weitbted power
densities are needed to reflect a comple. radiation environment. The
combined power denaity that meets the criteria for aized-frequen4ly
fields ia recommended to be the SUID of the power densiti.. at each
frequency:

ST.- S. + S. + Sa + .... 8.. (17.3)

where ST is the combined power denaity, and Sit B,,8a•and S. an the
power densitiee at the frequenci... f. (i - 1,2,3•. , . n), 01 eech RFEM
SCUl'Ce. with the condition that

~ S, SJ S, Sa . s..
'~I ~ OIl Lt+ 1,. + I.e + .... L,. S 1, (17.4)

where tbe La are the expoaute limits at the respective frequencies.

17.4,7 ModuJDtion

Elsewhere in this report (Section 11), eft'ect8 of RFEM flelda WIder
low-frequency modulation on in-vitro and in-vioo preparations have
been discussed in detail. It is not known whether theae effects pose a
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risk to health. but their reliability and their independent confirmation
in avian and mammalian speciea dictate t.he need for eautiot1. 'M,"!"J

(u"" a apecilli ClI'cumatance exposure criterion haa been provided ..
(ollOWB; If the <:8J.Ti.r frequency iB modulated at a rJ_~pth of 50 poi'tEht
or greater at frequencies between 3 and 100 Hz, the expoaure criteria
fc: tho i~lj"'icil vu.,uh:lltiun snaii aiao appiy to occupational ezpoaure&

17.4.8 Power-Deruity Pealu

The time averaging of and the limits on power densitie8 and SARa
88 provided. in the criteria in this report preclude circumatanee. in
which exce8sive instantaneous peak-power leveb can oceur. There i&
therefore, no need to specify a limit on peak power, as such.

17.4.9 Medical Use of RFEM &diGlioru

The proposed exposure criteria are not applicable to medical appU
catiolt& of RFEM fields iDBOfar 8S the patient il concerned, but are
applicable to medica) and technical atafl that use RFEM sources in
diagnostic and therapeutic procedures.

17.5 M.......III8DU 01 R.FEM Fielc18

Some ezpoaure ataDdatda (e.g., ANSI·1982) specify tbat mea&UJe-

ments of field .trengths ahould be made at diatancee of 5 em or more
from any object to avoid enora incumbent with scatteriDl propertiea
of abeorbing and retlectin, objecta in the RFEM field, and with
practical limitations of measuring instruments. For esample, objecta
immened in an RFEM field at ))OWer densiti.. below thOle specified
in the beginning ot Sections 17.4.1 and in Section 17.4.3 can produce
a scattered field of apparent inten.ity ll4'atly esceeding that of the
primary source. Valid meuuremente of such scattered (Mlds in proI-

imity to an object an difficult or are not possible beeauH of the (mit.
aize of t.he field senIOr and becauae of the interaction of tbe field with
the object. In addition. the quantity of RFBM energy that caD be
coupled from a scattAtred fwld to an espoeed human hem, is am8II
compared with that from a primary source. AltliOUiii it is biYOi\d t6i ( ,
sc:ope of this report to speeify the Dleuurement methodology needed *,
to apply the ezp08ure criteria and. until more detailed guidelines 818
available, it ia recommended that measurements be made at a distance
of 5 em or more from any object in the field.
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17.6 Conaideratiou POIIIibly I.n.encha. the Criteria
18 tile Jiuc.ure

Thia document 18 hued on literature references published up
t.hmn!h th.. y~~! I)! 1982. Thc:c wr: tn-v lien f'wdlilp Ul ion., iii.eratUre
published after ,tbis date that could reault in future chanl'll in the
RFEM criteria. One finding concerns the possibility of RF bum. or
excessively high, locaJized 8AR occurring in the handa, wr1st8, or
anklea of persons coming in contact with IfOUnded metallic objecb,
and tbe other finding concerns a possible link between RFlM expo
sures and the increued incidence of malignant. tumors. Details are
discWl8ed below.

17.8.1 RF Burna and Hilh 1.«aUzed SAR

Recent research on identifying hazards in tbe 10-kHz to 3-MHz
frequency range based on meuurementa of body impedance and in
duced current in ezpoaed. volunteer human subjects predicts that
potentially hazardous level. of body current and localized 8AR may
occur for ellpOlures within the recommended guidelines of t.hi. report
at (requeneiell of 1 MHz or greater (Guy and Chou, 1982; Gandhi et
al., 19815; Guy and Chou. 1985). The threshold current for Rr bums
oecum.., on the finger due to contact with a conduetinc surface UI 200
rnA (Ropn, 1981). and the threshold BAR for viIOrotJ8 and pouibly
damagin, loeaJ beating baled on diathermy treatment.. ia 60 to 120
WIke (Guy et al, 1984). If the recommended standarda based on the
10·kHz to 3-MHz atudiea are ut18poZaud to 30 MHz 81 shown in
Ficure 17.3.8 muim\IID ltXPOSure level of 0.13 mW/cml would have
to be imposed to prevent RF burna and to prevent the mnimal SAR
from esceeding 8 Wf'q for contact of the hand with any grounded
conductor durinS eq)O'ure in lUl estended field. Becauae the quui·
static analysla used for the 10-kHz to 3-MHz range will become invalid
with inereaaine frequency in the ranI" 3 to 30 MHz and 88 the whole
body resonant frequency is approached, prediction of muimum per
missible level. above 30 MHz would require more sophisticaled models
for grounded contact exposures than now available.

17.8.2 RFEM Fkkh and Malignant TumorlJ

A report (Kunz el oJ.., 1985) that was widely publicized in the neWt
media as linking RFEM fields with cancer, indicated that 18 out of
tOO Sprague-Dawley rats elQ>O&ed for life under specific-pathogen-free
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occurrence of the neopl88m. with no attention given to the area of
occurrence. This analysis indicated that neither group has an eaceaa
of beni.m le"ionlll, Thp1'@ ;" qf-qt!.,t!r,..1 ,,·'H?f:':? th::.: ~h::; WW,U", 1i'-illlL.t,&,

of prinwy malignanciea waa hiPer in the exposed animall than in
'.h4t Idutm @xpooed, bt.'t the- biological aignint4Jlctt or thia difference 'I
reduced by several factofll. First. delAtction of this tliff~wmP,!, ~.i~

the collapsing of &pam. data without regard tor the specific type of
malignancy or tia8ue oforigin. Also. when the incidence of the specific
primary malignancies in the esposed animals is compared with the
specific tumor incidence reported in the IitAtratuJe. our ezpoeedanimals
had an incidence similar to that of untreated control rata of the 88Dle

strain, maintained under aimilar SPF conditiona (Anver, Cohen. Lat
tuada and Foater, 1982). It is important to noM that no single type of
t>rimary malignancy W8I enhanced in the eKpOltd animal& From. the
standpoint of carcinogenesia. benign neoplaams have considerable
significance under the assumption that the initiation proceae is eimilar
for both benign and malign8J1t tumors. The fact that treatment poup.
showed no differenee in benipl tumor incidence i. an imROrtant
element in definilll the promotion and induction potential of DLiero
wave radiation for can:ino,enesia. The collapeinc of sparse data with
out regard for tiaaue on,in is UHful in detectin« pollible staU-tical
trends, and the finding here of exces8 primary malignanciea in the
exposed animals is provocative; however, when thi.a single finding is
considered in the light ofother parameteJ'l evaluated. it. i. queatioubl.
if the statistical difference ret1ecta a true biological activity (Wud,
1983)."

The information in this subsection emphasizea that additional work
in these important areas is required.
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(SPF) conditio... to 2.4&-GHz pubed fielda at SAR levelt of 0.2 to 0.4
W/kg suffered from malignant neoplast~ lesions. Only 5 out. of 100
rata aum ezpoaed under identical conditions aWlered from the eame
lellions. The MaDtel-HMnael (M-H) analym of the relative riak W88

4.46 and the Chi-equare ~8t wu 8.0 (p - 0.005, elf =or 1). The iDeidence
of neoplastie lesiona in either poup is within the range of incideacee
reported for thia atrain of rat; only three tumors were present in rata
youncer than 12 month. (aU in the sham elposOO), and the incidence
rapidly incNUed after 18 months of age. The endocrine system hal
the bilheet ineidence of neopluia in the aginl rats, as ia to be expected
in this uperimental animal.

However. the authors state in the report: "The low incidence of
neoplasia wit.h no increue in any specific organ or tissue required the
data to be coUapsed and statistically evaluated with reapeet only tA>

PI,. .7.S. EIWD~ of tbe npoeurt criteria in terme of electric field atnmath IDd
po_' danaity b..d OD DOt eaceediJIc the 8ver...-SAR (0.4 W/kI), muimaI..sAR (a
WIkll aDd RIP-bum (200 mA) criteria Cor "bole-body npoeure in 1m enended RrKM
ll.eld of a penon inwlated Crom the sround (by the IIl8terial on which the JI'II'IOD II
andin«) but with a haDd toueblnJ 8 rrounded object (• .,., 8 metal renee), ..,.
e.trapol.tion OD t'" 1lJI11,.. oC the da.... obtained in the laupbe~ 10 !tNa ... 3
MHa, bM bee. III.8CIe up to 30 MIla, but It i. not appropria~ bee.... preeellt lheory II
not adequatAt to delMrribe the inteNctioDi with the r..ld .. tile trequeacy increuet Ihow
3 MHz aDd approecllea the whole-body rnoftaDt rftlquency. In tIUa uample. I'" D·
burn collldltlQIl bec:_ the limitlnI Cri1erioll uet, ... 30 MR., it mnpolatas to -22
V1m or ..0.13 IIIWleral , (N~ that &be tWG SAR curvee are not p8rIU1el to the D-buna
cune becauee of the efflet of IDenlUIIDI condootivity with frequency on the 8AR.) (After
Guy and Cllou, 1982, 1986.)
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The NCRP
The NAt.it:'~~! f;'..'~.ll en R.:d.;:.tion rluw.:won aDO iWea&urem.enta

is a nonprofit corporation chartered by Conpea8 in 1964 to:
1. Colle«. analyse, develop, and diuemioate in the public: int.erelt

information and recommendation. about (a) protection &pi_
radiation and (b) radiation meuurements, quantit.iel, and unita,
particularly thoee concerned with radiation protection;

2. Provide a meana. by which or,anizationl concerned with the
scientific and related ..peets of radiation protection and of
rad1ation quantities, unitt, and meuurementl may cooperate for
effective utillution of their combined reeourcea, and to stimulate
the work of such orpniza\ionsj

3. Develop buie concepti about radiation quantitiea, unit&. and
meuurementa, about the application of these concepts, and about
radiation protection;

4. Cooperate witb the International Commiaeion on Radiological
Protection, the International CommiBsion on Radiation Um"
and Measurement., and other naUonal and international orp
nizationt, governmental and private, concerned with radiation
quantitie9, unite, and meaaurementa and with radiation protec
tion.

The CooDeiJ i. the 1UCC8IIOr to the unincorporated auociation of
scientista known at the National CommittM on Radiation Protection
and Meuuremente and wu fonned to carry on tbe work beaun by the
Committee.

The Council i. made up of the memben IU1d the partieipanta who
serve on the eighty-two scientlfic committees of tbe Council. The
anUlic committeM, composed of uperts havilll detailed knowledp
and competence in the particular area of the committee'. intere.t,
draA proposed recommendationa. Theae art then submitted to the full
membership 01 the CouneU for careful review and approval before
beinc published.

The following comprise the current office,. and metllbenhip of the
Council:
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Currently, the (oUowq 8ubgroupa are actively engaged in formu
lating recommendations:

In recognition of its responaibility to ,facilitate and stimulate coop
eration amonl organization. concerned with the scientific aod related
upectl of radiation proteetion and measurement, the Council has
created a catelOry of NCRP CoJlaboratinc Organizations. Orpniza.
tiona or groups of organizationa that aJe national or international in
&Cope and are concemed with scientifIC probJem8 involvinl radiation
quantities, unita, measurement&, and effects, or radiation protection
may be admitted to collaborating Iltatus by the Council. The pretlent
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